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FOREWORD

This is the final report covering work performed
under Contract No. NAS3-15328 during the period May 1,
1970 through November 30, 1972.

This contract with AiResearch Manufacturing
Company Phoenix, Arizona, was under the technical
direction of Mr. R. Wong, Lewis Research Center, of
the National Aeronautics and Space Administration.

Mr. G. L. Perrone is the principal investigator
and Mr. K. W. Benn, the program director. The efforts
of Mr. D. Edmonds, designer, Mr. M. R. Holbrook, aero-
dynamicist, Mr. J. M. McVaugh, stress engineer, and
Mr. G. R. Metty and Mr. G. L. Reese, development engi-
neers, are greatly appreciated in the conduct of the
program.
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SUMMARY

This report presents a detailed description
of the work performed under Contract NAS3-15328
for NASA-Lewis Research Center, Cleveland, Ohio.

The purpose of the program was to design,
fabricate, and deliver a backswept impeller, a
vaned island diffuser, and the components neces-
sary to operate this compressor configuration in
the NASA advanced-concepts compressor test rig
developed by AiResearch under Contract NAS3-14306.

The utilization of this impeller in the NASA
advanced-concepts compressor test rig will provide
evaluation of two compressor-design approaches.



INTRODUCTION

The NASA-Lewis Research Center is currently engaged in a pro-
gram to study small, advanced-concept, high-pressure-ratio centrif-
ugal compressors. As part of this program, a backswept impeller,
vane island diffuser and shroud were supplied under Contract NAS3-
15328 with AiResearch Manufacturing Company of Arizona. These com-
ponents are for use in the NASA advanced-concept compressor test
rig developed by AiResearch under Contract NAS3-14306.

The impeller supplied was aerodynamically identical to an
impeller being supplied to the Air Force as Part Number 976511, but
without a notch at the exit. The diffuser used in the program is
a conventional vane-island design.

This report discusses the requirements and design objectives
in the development of the compressor. Results from preliminary and
detailed analyses as well as concluding remarks are included.



TECHNICAL DISCUSSION

Task I, Aerodynamic Design

Impeller Design

The aerodynamic design of the impeller used for this program
is the same as that for Part Number 976511 used in the U.S. Air
Force advanced APU, which has an AiResearch designation GTCP305-1,
being developed under AFSC Contract F33615-69-C-1100. Thus no
additional aerodynamic design effort was required to define it.
This impeller is a scaled version of the Model TSE36-10 Impeller.

In compliance with Article XII B of Schedule Attachment of
Contract NAS3-15328, the following impeller data is submitted:

(a) Coordinates for shroud contour (R versus Z) are given in
Table I.

(b) Coordinates for hub contour (R versus Z) are given in
Table II.

(c¢) The polar coordinate angle theta versus meridional
length is given for the shroud and hub in Tables I and II.

(d) The average exit flow angle is 45.19 degrees.

(e) The blade thickness distribution is given in Tables I and
II.

Detail, instrumentation and assembly drawings were forwarded
to NASA for approval. Hardware was ordered for all detail parts.

Diffuser Aerodynamic Design

Since neither the Air Force diffuser or a scaled version of
the 36-10 diffuser could be used, it was necessary to design a new
diffuser. Two diffuser concepts were investigated. One concept
was a conventional design utilizing a vane with a blunt trailing
edge of sufficient thickness to allow a bolt to pass through the
airfoil shape to clamp two halves together. The second concept
consisted of a thin airfoil section machined on one wall and brazed
to the other wall. The second design has the advantage of better
vane support to prevent vane flutter in the leading edge region.



TABLE I.

IMPELLER CHARACTERISTICS ALONG SHROUD

R in Z in. Theta Deg MS in. t, in.
1.922 0.000 -12.0 0.000 0.0137
1.922 0.124 - 5.48 0.124 0.0146
1.922 0.260 1.02 0.260 0.0160
1.922 0.395 6.74 0.395 0.0173
1.924 0.530 11.59 0.530 0.0185
1.936 0.664 15.59 0.665 0.0191
1.961 0.797 18.88 0.800 0.0193
1.999 0.927 21.57 0.935 0.0193
2.049 1.052 23.78 1.070 0.0193
2.112 1.172 25.61 1.205 0.0193
2.186 1.284 27.17 1.340 0.0193
2.272 1.388 28.56 1.475 0.0193
2.369 1.481 29.84 1.609 0.0193
2.476 1.562 31.09 1.744 0.0193
2.592 1.631 32,35 1.879 0.0193
2.717 1.684 33.68 2.015 0.0193
2.850 1.722 35.15 2.153 0.0193
2.989 1.741 36.80 2.293 0.0193
3.129 1.744 38.62 2.433 0.0193
3.264 1.744 40.51 3.316 0.0193
tn = normal thickness of blade




TABLE II. IMPELLER CHARACTERISTICS ALONG HUB

R in. Z in. Theta Deg M in. ty in.
0.878 0.074 - 8.08 0.070 0.0448
0.944 0.196 0.53 0.224 0.0450
1.029 0.364 9.18 0.413 0.0469
1.115 0.526 15.61 0.596 0.0463
1.204 0.680 20.04 0.774 0.0440
1.294 0.827 22.99 0.947 0.0416
1.388 0.968 24.92 1.116 0.0397
1.486 1.103 26.15 1.282 0.0385
1.588 1.230 26.95 1.445 0.0376
1.695 1.351 27.50 1.607 0.0370
1.808 1.464 27.92 1.767 0.0370
1.929 1.568 28.31 1.926 0.0377
2.058 1.663 28.74 2,086 0.0393
2.196 1.746 29.27 2.248 0.0462
2.346 1.816 29.99 2.413 0.0462
2.506 1.871 30.95 2.582 0.0408
2.674 1.909 32.23 2.755 0.0367
2.845 1.929 33.83 2.927 0.0322
3.011 1.936 35.68 3.093 0.0277
3.169 1.937 37.71 3.251 0.0239

Note: Definition of coordinates is given in Table I,




Additional diffusion of the flow through the vaneless space
was used to achieve a Mach Number of approximately 0.2 at the radius
of 6.29 inches. The achievement of this Mach Number level at this
radius permits direct comparison of performance maps for this com-
pressor and the compressor designed under NASA Contract NAS3-14306,
because the instrumentation can be common to both programs.

The initial diffuser design shown in figure 1 used vanes with
a trailing edge thickness of 0.300-inch to allow for through-bolt
clamping of the two diffuser halves. Analysis showed that this
design would have high exit dump losses due to large vane-exit-
wake vortices. A second design, shown in figure 2, was undertaken
with a vane trailing edge thickness of 0.080 inch. The area dis-
tribution for these two designs is shown in figure 3. Comparative
analysis shows an 8.4-percent higher static pressure recovery for
the second design (figure 4).

The Mach Number at a radius of 6.29 is 0.17, compared with
0.22 for the initial design as shown in Table III. The design at
the vane trailing edge thickness of 0.080 inch was employed for

this program because of better predicted vaned-diffuser performance
and resistance to mechanical failure.

Table IV lists the aerodynamic geometry parameters for the
selected vaned section shown in figure 5. Figure 6 lists pertinent
flow parameters along with vector diagrams for the vane leading and
trailing edge locations and the gauging station location., Figure 7
shows the predicted flow meanline velocity profile for each vaned
passage. Figure 8 shows a detailed drawing of the selected diffuser
design.



R=4.95

\- 688

Figure 1. 1Initial design, 27 vanes, 0.300-inch
trailing edge thickness.

R=4.95

R=3.688

Figure 2. Second design, 27 vanes, 0.080-inch
trailing edge thickness
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TABLE III

PREDICTED DIFFUSER PERFORMANCE COMPARISON

FIRST DESIGN, 0.300-INCH TRAILING EDGE THICKNESS VANES

Location Radius Mach No. Pt’ Psi Ps’ Psi
Vane L.E. 3.688 0.855 96.406 60.049
vane T.E. 4.95 0.298 87.4681 82.2375
Measuring 6.29 0.2193 86.8558 83.9645
Station

SECOND DESIGN, 0.080-INCH TRAILING EDGE THICKNESS VANES

Location Radius Mach No. Pt’ Psi Ps’ Psi
Vane L.E. 3.688 0.855 96,406 60.049
Vane T.E. 4.95 0.226 87.1385 84,0974
Measuring 6.29 0.1704 86.8684 85.1150
Station
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TABLE IV

VANED DIFFUSER GEOMETRY (SELECTED DESIGN)

Number of vanes -

Radius at leading edge -
Leading edge & angle -
Leading edge thickness -
Throat width -

Radius at trailing edge -
Trailing edge £ angle -
Trailing edge thickness -
Diffuser meridional b width -

Area ratio -
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Vane Leading Edge (Outside

R = 3.688 in.
PO = 96.406 psia
-]
T, = 959.6°R
Ps = 60.049 psia
T, = 837.193°R
Vane Trailing Edge (Inside
R = 4,95 in.
Po = 87.1385 psia
T = 959.6°R
o
PS = 84.0974 psia
T, = 949.898°R

Vaneless Space Exit

R = 6,29 in-
P_ = 86.9032 psia
T = 959.6°R

(@)

P_ = 85.1066 psia
T = 953.842°R

s

Figure 6.

Vane Row)

Vane Row)

Vector diagrams and state
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» _
©
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] ::> g xlx
N / Diagram for
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conditions for selected diffusex.
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Task II. Mechanical Design

ImEeller

A stress analysis was conducted to determine thermal and cen-
trifugal stresses of the compressor and shroud at the design oper-
ating speed, 68,384 rpm. The calculated values are shown in figure
9. A stress analysis of the impeller backface design was performed.
The analysis showed stress levels to be highest at the backface
near the root as shown in figures 10, 11, and 12. These stress
levels, however, were well within the design stress tolerances of
the impeller. The axial deflection at 80,000 rpm was 0.019 inch
and the radial deflection was 0.012 inch.

Diffuser

The diffuser vanes were machined as shown in figure 13, Fig-
ure 8 shows the location of the pressure taps. The two diffuser
halves were brazed together and final machining was completed. Fig-
ure 14 shows the diffuser halves prior to brazing,

Instrumentation

The instrumentation probe requirements for the performance
mapping of this configuration are identical to the requirements of
Contract NAS3-14306. Figure 8 defines the locations of the static
pressure taps on the two diffuser walls., The static pressure loca-
tions on the shroud are shown in figure 15 (SKP26261).

Thrust

The estimated forward thrust for the compressor is 551.3
pounds. This takes into account momentum forces on the inlet,
pressure forces over the inlet and shroud, and the pressure force
on the back-face down to a hub diameter of 1.32 inches.

15
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Figure 9. Centrifugal and thermal deflections.
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Figure 13. Diffuser machined vanes.
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Figure 14.

Test diffuser before brazing.
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Task III. Fabrication

A group of specialists in the Development Fabrication depart-
ment participated in the finalization of detail drawings and deci-
sions relative to manufacturing, materials, and tolerances. A
Development Fabrication specialist was assigned to the program to
follow the manufacturing processes and assure the hardware received
the required inspection. The drawings were reviewed and primary
dimensions essential to assembly were established. Critical cards
reflecting these dimensions were created and used by inspection to
record the observed physical dimensions. The critical cards are
given in figures 16 through 30.

24
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Task IV. Spin Test

The impeller defined in SKP26205-1 was successfully operated
to an overspeed of 112,000 rpm on 14 October 1971. Mr. Robert Wong,
NASA Representative, witnessed the test. As shown on the critical
card (figure 16), the dimensions before and after overspeed were:

Before After
Bore: 0.4117 inch 0.4145 inch
OD: 6.3388 inches 6.3418 inches
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DISCUSSION OF RESULTS AND CONCLUDING REMARKS

A four-task program culminating in the delivery of a high pres-
sure ratio compressor stage has been completed by the AiResearch
Manufacturing Company of Arizona.

In Task I, a centrifugal impeller based on an existing
AiResearch design was defined. In addition a vaned diffuser was
designed to match this impeller and also be compatible with an
existing test rig previously delivered to NASA.

Task II consisted of the mechanical analysis of the design pro-
vided in Phase I to insure its mechanical integrity.

In Task III, all hardware was procured and inspected to insure
conformity with design tolerances.

In accordance with contractual requirements, Task IV was an

overspeed test of one of the impellers fabricated under this pro-
gram. This successful test was witnessed by a NASA representative.
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